Crustacean sinus gland (SG) is a well-defined neuroendocrine organ that controls the secretion of various neuropeptides which regulate many physiological activities. The red swamp crayfish Procambarus clarkii is a decapod crustacean with both high economic and scientific importance in China. To facilitate physiological investigations of SG peptide/hormone function in this species, we have been employed tissue extract fractionation by HPLC to obtain a complete description of neuropeptidome and used Electrospray ionization-Fourier transform mass spectrometry (ESI-FTMS) to detect the peptidome present in its organ. In total, 48 peptide sequences belonging to several known neuropeptide families including crustacean cardioactive peptide, CHH precursor-related peptides (CPRPs), orcokinins and pigment dispersing hormones were identified. Among these 48 sequences, 26 are novel peptides and 22 are previously identified. Overall, the results give a stimulus for future physiological studies of SG neuropeptides in P. clarkii and other crustaceans.
INTRODUCTION
Neurosecretory systems synthesize and secrete a diverse class of peptide hormones that regulate physiological activities (reproduction), development, molting, growth, aggression, and adaptation in Crustacean (Christie et al., 2010) . The endocrine structure sinus gland (SG) is a key neurosecretory systems located in the eyestalk. It is a classical organ, composed of axon terminals from cell bodies located within the medulla terminal X-organ (MTXO) which is supported by muscle and connective tissue. Neuroendocrine peptides, synthesized in the MTXO and transported axonal to SG for storage in secretory granules, are known to regulate the optimum balance of gonadal, molt and somatic growth processes (Pevaiz et al., 2011) . Therefore, even if the exact mechanism of neuropeptides regulation of crustaceans remains unclear, eyestalk ablation technology (removing the X-organs and sinus glands) has been widely used for the manipulation of ovarian development and maturation of crustaceans held in captivity, particularly in shrimp hatcheries as shrimps cannot mature and spawn naturally (Kuo et al., 2009; Guan et al., 2013; Uawisetwathana et al., 2011) .
The red swamp crayfish Procambarus clarkii (crustacean; decapods) is one of the most important economic species in China and has been artificially propagated in recent years (Shen et al., 2014) . It also provides a useful model organism in many areas of physiology (Li et al., 2015) . Despite the well-studied negative regulator roles for crustacean hyperglycemic hormone (CHH) family in the crayfish, there is no sufficient study in the profile of the signaling molecules in term of complement neuropeptides, as well as the limitation of existing tools to investigate signal regulation mechanism (splicing, processing and releasing). It is difficult to find full characterization of a neuropeptidome due to its extreme chemical complexity and the often-minute amounts of the expressed peptides. Recently, many studies in vivo natural peptides rely on peptides characteristic by their elution properties on various columns and antisera to specific peptides (McCallum et al., 1991; White et al., 2011) .
Since sufficient knowledge of the neuromodulators/ hormones is necessary for an accurate assessment of an organism behavioral control mechanisms, mass spectrometric strategies (especially FTICR-MS) provides a foundation and methodologies for neuropeptide profiling to identify and characterize these peptides with high sensitivity (Yasuda-Kamatani et al., 2000; Ma et al., 2008) . In the current study, it was extracted and used reversed-phase liquid chromatography (RP-LC) from neurosecretory organ to complement and augment the aforementioned methodologies. SG tissue extract as well as fractions of reversed-phase HPLC separation of tissue extract were screened and accurate masses of neuropeptides were determined by an electrospray ionization Fourier transform ion cyclotron resonance mass spectrometer (ESI-FTICR-MS). The objective of current study was to examine the proteomic modulation of this endocrine structure in vivo. 48 peptides from the red swamp crayfish SG were identified, including 26 peptides novelly found in this species. The data greatly expand the catalog of peptide hormones known to be present in P. clarkii and also provide a foundation for future studies of peptide functions in this species.
MATERIALS AND METHODS
Animals: Domesticated healthy crayfish (30-45 g body weight [BW] ) were collected from the Jiangsu Baolong Breed Aquatics Company in Dafeng city, Jiangsu province, China. Crayfishes were maintained in 40-liter aquaria in filtered aerated water at room temperature (25 °C). Animals were fed twice daily with commercially available diet for crayfish. Approximately 120 individuals, including both males and females, were used in this study.
Sample selection and preparation: The SGs were excised from crayfish and the naturally peptides crude extract were extracted according to Sithigorngul et al (2002) . Briefly, eyestalks were cut-off near the base with a scalpel. The wound was cauterized with a soldering iron before returning the animal to the water. The optic nerve ganglions (including SG) were separated in the pre-cooled Tris-HCI buffer (containing 0.7% NaCl). After removal of connective tissue under a stereo microscope, the isolated SGs were placed in the centrifuge tube. Each ml buffer contains 50 SGs. Then, the samples were sonicated twice for 30 sec in 2 N acetic acid (2 l/per SG) and incubated at 4ºC for 3 hr, then centrifuged at 18,000×g for 15 min. The supernatant was separated and the sediment was extracted repeatedly. Whereas one of characteristics of the neuropeptides is that it has thermal stability, the supernatant was incubated at 85ºC for 5 min and centrifuged at 18,000×g for 15 min to precipitate down the non-heat resistant (probably high level expression) proteins to eliminate interference. The clear supernatant was considered as peptide crude extract.
Crude extract was "cleaned up" on Waters Sep-Pak C18 columns (4 ml/column) (Waters Associates, USA) to remove salts, sugars and acetic acid. Waters Sep-Pak C18 columns are conventional method in Solid Phase Extraction (SPE) technology. Before being used, 99.9% acetonitrile (ACN), 0.1% trifluoroacetic acid (TFA) (v/v), followed by 1% ACN, 0.1% TFA (v/v) was used to flow through the column to active. Then the samples were added followed by three column volumes (200 l) of 1% ACN, 0.1% TFA (v/ v) . In this case, peptides in the samples tend to binding with the contents, while salts and acetic acid flow past. Then, three column volumes of 80% ACN, 0.1% TFA (v/v) was used to elute peptides from the contents. Solvents were passed through the columns by centrifugation for 30s at 2,800×g without heating. Peptides were dried down in the plate by centrifugal evaporation. Peptides were resolubilized in 20 l of nano-pure water with 5 min sonication and 30 min of plate vortexing. Samples were then centrifuged at 16,000×g for 30 min to pull down any remaining solids. Supernatants were transferred to sampling vials for LC-MS/ MS analysis.
HPLC-FT-MS:
The cleaned up supernatants were pooled and separated on a -Bondapak-Phenyl HPLC column (300 x 3.9 mm, Waters, USA) at a flow rate of 1 ml/min. Purified water and HPLC grade ACN each containing 0.1% formic acid were used as mobile phase A and B, respectively, with a linear gradient from 5% to 40% B over 50 min, followed by a ramp to 95% B in 10 min. Fractions were manually collected every 1 min for 65 min. Each fraction was evaporated to dryness on a CentriVap (Labconco Corporation, Kansas City, MO) before reconstituting with 10 uL of water. The reconstituted fractions were first screened and analyzed by ESI-FTICR-MS.
High resolution data were acquired on FTICR MS by maintaining resolution at 50,000 for m/z 400. The instrument was externally calibrated before the analysis over the entire mass range of interest. Direct infusion of the sample was carried out using a Cole Palmer 74900 syringe pump at a rate of 100 L/h. The data were acquired in the mass range of m/z 150-2000 using a spray voltage of ~4.0 kV. N 2 was used as a nebulizing gas at 20 psi. Data were acquired and processed using Xcalibur 1.4 SR1 software (Thermo Finnigan, San Jose, CA). For detailed information on the instrumentation please refer to Supporting Information accompanying Motti et al. (2009) .
Database search: For peptide identification, LC-ESI-MS/ MS spectra were transferred to BioTools 2.0 interface (Bruker Daltonics) to search in the NCBInr database using a licensed version of Mascot v.2.2.04 search engine (http:// www.matrixscience.com; Matrix Science, London, UK). Search parameters were set as follows: Procambarus_clarkii clarkii (366 sequences; 113113 residues) database were selected for the search, carbamidomethyl cystein as fixed modification by the treatment with iodoacetamide, oxidized methionines as variable modification, peptide mass tolerance of 0.5 Da for the parental mass and fragment masses and 1 missed cleavage site. In all protein identifications, the probability Mowse scores were greater than the minimum score fixed as significant with a p-value minor than 0.05. Selected proteins were based on that who exhibited higher Mascot score and sequence coverage.
RESULTS AND DISCUSSION
In this study, peptides were identified using a strategy combining high performance liquid chromatography (direct tissue and off-line HPLC analysis) and ESI-based high resolution mass profiling. Specifically, the highly sensitive and accurate mass measurements provided by ESI-FTMS (performed with internal calibration) were used to identify known peptides based on predicted m/z. The ions with the entire mass/charge range from 350.00-1,800.00 was analyzed in the eluate from 0-65 min (Fig. 1) . Altogether, several thousands of ions were found to be substantially enriched in extracts of SG. Finally, a total number of 34647 queries were carried out by database searching methodologies, among them 18771 queries were not assigned because some of which can be matched to the sequence in the database but the score is generally low; some of which cannot be matched.
Mascot calculates an overall protein score for each peptide match. This number reflects the combined scores of all observed mass spectra that can be matched to amino acid sequences within that protein. A higher score indicates a more confident match (Weatherly et al., 2005) . As shown in Mascot Score Histogram (Fig. 2) , a cut-off score of 24 was calculated for the 5% confidence threshold. The number of protein matches at each scoring position is indicated by the height of the red bars. The non-significant area is shaded in green. The histogram indicated that most matches in low scoring position (<25) are non-significant but other parts of matching is strongly significant. After removing the abundancy and then arrangement, the combined approach resulted in the identification of 48 endogenous peptides in the independently prepared extract samples in totally. These were grouped based on their protein score according to Mascot research database (Table 1) .
In summary, these identified peptides including 22 previously well-characterized P. clarkii peptides (e.g. betapigment-dispersing hormone analog (-PDH) (McCallum et al., 1991) , C-type lectin (Zhang et al., 2011) and enzymes (e.g. arg kinase (AK) (Chen et al., 2013) , triosephosphate isomerase (TIM) ; 4 peptides identified in other species, but new to the red swamp crayfish (hypothetical protein, catalase, 14-3-3 zeta protein, and F1F0-ATP synthase beta subunit); and 22 new peptides that were de novo sequenced/detected for the first time (e.g. myosin light chain 1 and 2, marked with the asterisk in Table 1 ) [peptide data not shown, the supplementary document seen in Peptide Summary Report (data 20150817 F003856.dat).html)]. The truncated forms were also included. The origin of these peptides is unknown; it could be due to sample preparation artifact. As expected, these peptides involved in several well-characterized neuropeptide families e.g. crustacean cardioactive peptide, CHH precursor-related peptides (CPRPs), orcokinins, pigment dispersing hormones and others, which has also been reported in Red Rock Crab Cancer productus (Fu et al., 2005) . Whereas, other neuropeptide families such as allatostatins and Corazonins, which have been widely mentioned in other neuroendocrine organs (e.g. pericardial organ, ventral nerve cord and stomatogastric ganglion) in crustacean (Ma et al., 2008; Hui et al., 2012) were not been detect in the research.).
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Fig 2: The histogram of Mascot reports
The number of protein matches at each scoring position is indicated by the height of the red bars, the non-significant area is shaded in green. 242 (1) 0.09 NADH dehydrogenase subunit 2 (mitochondrion) It indicated the conservation and variation of neuropetidome between multiple crustacean species, as well as its neuroendocrine organs. In this work, it is trying to find the neuropeptide from SG as many as possible to obtain a complete description. Compared with neuropeptide found from other crustacean species, as well as other neuroendocrine organs, the data suggest that the neuropeptide of SG in Procambarus clarkii both conservative and diversity. But it could not tell the potential difference of neuropetidome caused from age gender or season just according to the data in this manuscript only. Because in the present study, 120 individuals were selected at random; their SGs were then mixed together. This indicated that the samples do not distinguish among age, gender or season. In fact, this part is the focus of the attention. The ongoing research is to find the difference expression between male and female, it is believe that there will be more understanding in crustacean neuropetidome.
Among all the 48 identified peptides, the arginine kinase (AK) shells the strongly significant score (773, Table 1 ). It is a phosphagen kinase that is the key to energy metabolism in invertebrates, which catalyzes the reversible transfer of high-energy phosphate from arginine phosphate to ADP to form ATP, thereby regenerating ATP during bursts of cellular activity (Yao et al., 2005) . Analysis of molecular information of crustacean AKs has revealed an evolutionary relationship between AK and vertebrate creatine kinase, which has a similar metabolic role. The data shows that most of the identified peptides arise from two proteins: projectin (1964 fragments) and Iconnectin (3334 fragments); however, these two matched proteins showed very low protein abundance (emPAI index, Table 1 ). 4 protein precursors: CHH-like protein precursor (gi|18766956), hyperglycemic hormone peptide precursor (gi|373939471), orcokinin precursor (gi|7619887) and neuropeptide precursor protein (gi|27922975) were involved in the present study. In decapods, CHH superfamily consists of a large group of structurally-related 70 + amino acid peptides that possess six conserved cysteine residues which form three characteristic disulfide bridges (Fanjul-Moles, 2006) . In addition to the CHHs proper, this superfamily also encompasses moult-inhibiting hormones (MIHs), gonadinhibiting hormones (GIHs), vitellogenesis-inhibiting hormones (VIHs) and mandibular organ-inhibiting hormones (MOIHs). Likewise, most neuroendocrine peptides initially are produced from precursors by limited proteolysis in more advanced mammals, proteolytic processing provides a mechanism for regulating the bioactivity of the resulting peptides and/or for controlling the stoichiometry of various peptide products. Here, via direct tissue ESI-FTMS peptides with mass similar to that of P. clarkii CHH/-like protein precursor were detected in the SG with low exponentially modified protein abundance index (emPAI:3.88 and 3.63). Seven truncation peptides (expect < 0.05) related with CHH Moreover, it didn't been detect any hydrolyzed peptides in the present study. It is considered that there is a possibility on which it could cause by sample loss during elutes or sample extraction, but it is very small. FTICR-MS has been proved as one of the highest accuracy measurement technology in detection of proteins from the mixture. In addition, the coverage of the samples is also great (120 individuals). Even if there is sample losing in extraction, it is enough for FTICR-MS. Since activation of functions in some kinds of peptide families by hydrolysis reaction or phosphorylation, it is consider the greater possibility is that neuropeptides storage in the SG with the form of nonhydrolysis (precursor), which is inactive. After released from SG to downstream target organ, the precursors are been hydrolyzed and functioning. Of course more research and data is needed to verify our ideas.
In addition, 5 mitochondrion protein sequences including 2 cytochrome oxidases and 3 NADH dehydrogenase subunits were matched in the present study. But little is known about the mitochondrion protein besides the molecular sequences so far. In summary, the function of these identified peptides involved in cellular metabolism, structural molecule activity, immune responses, biological regulation, metabolic process, binding, catalytic activity, enzyme regulator activity, transporter activity and other functions; which were mainly located in the cytoplasm, cell membranes and organelles (mitochondria).
The red swamp crayfish P. clarkii is arguably important crustacean decapod species, given its combined economic and scientific significance. As investigations of peptidergic control of behavior are among the major uses of this species scientifically, and are of critical importance for understanding the physiological control of this species in terms of its fishery, it is significant to note that little work has focused on identifying the crayfish neuropeptidome prior to this and several contemporaneous molecular studies. Previous study in the lab isolated and characterized a neuropeptidomes gonadotropin-releasing hormone (GnRH) peptide from the ovaries of red swamp crayfish (Guan et al., 2014) and identified proteins relevant to ovarian development with proteomics research strategy (Shui et al., 2012) . Here, it have used a combination of mass spectral techniques to identify the peptide complement present in the neuroendocrine organs SG of P. clarkii, complementing and augmenting the ongoing molecular analyses. The data have enlarged the number of fully characterized SG neuropeptides in P. clarkii, and thus provide a stronger framework for future investigations of the physiological roles which these molecules play in this species. Moreover, in combination with several recently constructed P. clarkii cDNA libraries with ESTs (Shen et al., 2014; Jiang et al., 2014) , these data will provide a strong stimulus for future peptide discovery, as well as studies directed at the expression and regulation of peptide modulators/hormones in the crayfish.
